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PREPARATION OF A FENTANYL LIGAND
FOR THE OPIATE RECEPTOR

1. APPROACHES FOR SYNTHESIS

The desired product gs shown as compound 1. The * indicates the
location of the tritium (°H) on the radiolabeled form.

H

A A

N

I
C=0
I
TH
C

H

cpd. 1

N *

w %

The general approach that was used was to prepare N-[1-[2-(4-
nitrophenyl)ethyl]-4-(phenylamino)piperidine using published
procedures, convert the nitro group to an azide, and then add the side
chain with or without the radiolabel by acylation of the secondary
amine. However, there was considerable uncertainty from the
1iterature in regard to whether these steps could be carried out
without also encountering unwanted side reactions. Therefore, several
alternative approaches were discussed and some were tested
experimentally.

Published procedures (1,2) were available for that part of the
synthesis shown in Figure 1. Several approaches were considered for
converting the nitro group to an azide and for attaching the
propionate to 4.

One approach involved the conversion of 4, by acylation with
acryloyl chloride to give N-[1-[2-(4-nitrophenyl)ethyl]-4-piperidinyl-
N-phenyl-acrylamide, 5. In principle 5 could then be reduced with
tritium gas in the presence of a palladium catalyst to form the
radiolabeled 6. Both the double bond and the nitro group would need
to undergo the tritium reduction. After suitable purification, the
radiolabeled & would then need to undergo diazotization and subsequent
reaction with sodium azide to form the desired product, 1. The
structures of 5 and 6 are described on page 6.

The approach via 5 and 6 was discussed extensively with the
custom synthesis and tritiation personnel at hoth New England Nuclear
Co. and Amersham Co., since the tritiation could not be done at the
University. The conclusions from those discussions did not make the

anproach via ~ and 6 look very promising. The cost of the cemmercial
tritiation was estimated by these companies to require at leoast
$2.000. This included the cost of 50 Ci of tritium gas to preload the

1. T.R. Burke Jr., B.S. Bajwa, A.E. Jacohson, K. L. Rice, kA,
Streaty, and W.A. Klee, J. Med. Chenm, 27:1570 1574, 17224

2. M.W. Lobbezoo, W. Soudijn, and 1.V. Wijngaarden, tur. ..
Med. Chem. 15:357-361, 1980.
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Figure 1. Portions of Synthesis Based on References (1.2).
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C=0
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H
3H2N~©»6HZ~CH2-N N— \
| —— cpd. 6
IC =0
fH3H
3
CHy3H

catalyst. The time required by the commercial firm would be 5-6
weeks, with no purification of the resulting product mixture included
in the cost or in the time scale. The custom synthesis personnel were
uncertain that both the nitro group and the double bond reductions
would proceed; and further they cautioned that radiolytic
decomposition of the product could be significant. And finally, the
custom synthesis personnel could not propose a simple method to tell
whether or not both of the reductions had occurred as planned. Two
purifications with radiolabeled material would have been required,
once after the tritium reductions and again after the diazotization-
azide reactions. And finally, there was a slight possibility of a 1.6-
sigmatrophic hydrogen shift in 5, as shown below. which might Tead to
degradation of the compound. Therefore. the tritium gas double
reduction approach was not used.

r
R-1 7 N R»N/-_—j>::::N—— 7Ny 4 CHyCH=C-0
\, — AN N\—
cpd. 5 shift
R = CHQVCH2'C6H4-N02
“ooaltarnative mothod of converting the oyt group oon 4 to oan

R rowed by addition of an acrylanude sade chain also did oot
o taobe feasiblel The wubsoguent tritiun ga . reduction of the
aor land e double hound would most Tikely have caused reaction of at
et e of the highly Tabile azide group. Moveover, the amitigl
et ot the nitro groap and subsequent azide tveatment in 4 wonld
bty onave required protection of the socondary amne (veserved for
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the acrylamide attachment) to prevent reaction at the secondary amine
as well; however it is shown later that the conversion of the nitro

group to the azide could be carried out without having to protect the
secondary amine,

These problems in principle could be overcome by an approach that
a) put the radiolabel on at the last step, thus requiring only one
purification with the radiolabel attached, and b) that did not
necessitate a tritium gas reduction.

After extensive discussion in this laboratory and with CRDEC
personnel, the approach in Figure 2 was selected. This involved the
conversion of 4 to 7, to protect the secondary amine, and then
reduction of the nitro group to produce 8 followed by conversion to
the azide (9). Hydrolytic cleavage of the amide would remove the
protective group from the secondary amine to produce 1-[2-(4-
azidophenyl)ethyl]-4-(phenylamino)-piperidine (10), which could be
acylated with a radiolabeled propionylating reagent to give the final
product (1).

It was planned to use N-succinimidy]-[2,3-3H] propionate as the
acylating reagent since it was commercially available at about $498/5
mCi and specific activity 80-100 Ci/mmol. A more reactive
propionylating agent, radiolabeled propionyl chloride, would have
required a $7,000 custom synthesis for 1-5 Ci/mmol at 95% purity. It
was also planned a) to prepare the non-radiolabeled analog 9 of the
desired product 1 for use at CRDEC and b) to test the final attachment
chemistry for the radiotabeled group (10 + 11 to give 1) first with
non-radiolabeled compounds (10 + 12 to give 9).

It turned out that the hydrolysis of 9 to produce 10 was
extremely difficult to cary out. Therefore a method was developed to

go directly from 4 to the primary amine and then to the azide, 10, as
shown in Figure 3.
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Figure 3. Pathway used for converting 4 to 10.
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NS 2. EXPERIMENTAL FROCEDURES ¢
> 2.1 Materials

\I

W, p-Nitrophenyl acetic acid. 4-piperidone monohydrate

! hydrochloride, thionyl chloride, sodium azide. aniline, sodium

f} borohydride, N-hydroxysuccinimide, and propionic anhydride were

- purchased from Aldrich Chemical Co. The_other chemicals were reagent
. grade from Fisher. N-succinimidyl-[2.3-"H]-propionate with a specific
k. activity of 107 mCi/ ;. mol was purchased from Arershanm Co.

Tetrahydrofuran was distil’ed over lbithium aluminum hydride. Toluene
and henzene were distilled over sodium and kept over 4 A molecular
| sieves.

2.2 Procedures

A
..-
'.-
®
.

, Liquid scintillation counting was carried out using Aquasol as
’ the counting fluor and a Beckman Model 1801 spectrometer with H-number
o quench correction. Radiochromatogram scanning of the TLC plates was
~ done with a Packard scanner.

s

3 I nmr spectra were measured in deuterochloroform with TMS as the
P internal standard using the 620 MHz NMR facility at Carnegie Mellon
,! Uriiversity. Infrared spectra were obtained with a Digilab FTS 15/80

3 fourier Transform Infrared Spectrometer. Low resolution mass spectra
- were recorded on a double focussing VG 7070G instrument at the

N University of Pittsburgh Chemistry Department.

>,

Purifications were achieved by column chromatography on silica
gel (70-230 mesh) or by repeated crystallization. Melting points were
A determined on a Thomas Hoover Unimelt capillary melting point
i, apparatus. Solvents containing organic fractions weve dried over
anhydrous sodium sulphate.
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i“;: 3. RESULTS AND DISCUSSION
TR Several of the Fig. | reactions did not give the veported yield
3 ﬁ: of pure products when carried out as described in references (1) ane
' " {2). ‘Fturthermore. the literature crystallization method for purifvin
v the intermediate compounds, i.e. recrystallization from ethyl e tir ot
N 709C, did not prove satisfactory. Alternate methods using ethy!
f: . acetate, ethyl acetate petroleum ether, and cyclohexane had to be
- developed to ohtain the purified products. The detailed cxperimental
:{; conditions and the results of the characterization measurcmnents for
& cach compound are given in the last section of the report.
‘f_f Cormpound 4 was converted in several aliquots to give 16 4 of pur:
.nji 7 of m.p. 119-120°C. Catalytic hydrogenation of 7 over palladium,
20N following the pub11rh‘d procedure, gave quantitative conversion of 7
SR to 8, with a product m.p. of 150-152°C. Diazotization of 8 with
v wodium nitrite and 2N HC1 at 00C followed by the addition of sodium
Py azide produced 9., as a colorless material after crystallization from
- ethyl acetate/ethanol.
oo Purified 9 had a decomposition poth at 195°C and exhibited
AN intense infrared absor?tlon at 2110 c¢m™* (indicative of the azide
6*' group) and at 1638 cm™* (indicative of the amide carbonyl). Mass
= spectroscopic analysis of 9 showed a molecular ion peak at 377 mass
5 units and another peak at 349 mass units. The loss of 28 mass units
3 from the molecular ion was indicative of azide breakdown to release
' nitrogen to yield a nitrenium ion. Proton NMR spectra were obtained
for 7, 8, and 9; and the spectra agreed with the assigned structures.
Compound 9 was stable, in that no decomgosition was observed (tested
. by TLC) over several weeks storage at 5°C while protected from light.

The hydrolysis of 9, to remove the non-radiolabeled propionyl
group and form 10, while keeping the azide function intact. proved to
he overy difficult to carry out. Both acidic and basic reagents,
including various concentrations of hydrochloric acid or sodium
hvdroxide, ammonia, HF, and Triton B, were tried. The procedure was
complicated by two factors: 1) the mobilities of the components of
the reaction mixture seemed peculiar on TLC {this is discussed later

LS
el
(]
O

St
T A

+

: in more detail) and Z) in some of the trials with acidic rcagents a
‘® new compound that differed from 8, 9, or 10 was formed, a< <een by
. "C. This new compound did not show an azide peak on IR but did show
X HH and amide carbonyl absorptions. It was postulated that the new
o corpound might have been the result of internal HH insertion between
N tho azide and the N-phenyl to give 13. Mo attempt was made to iaoiat,
;{:4 and characterize 13: however, there is precedence for incertion of an
.', azide-aerived nitrene into phenyl rings to give arn HH Tinkage (2)
-4
Y . _ . ) .
e 3. PLALS. Smith in Azides and Nitrenoo:  Roactivit, and dtalae
j\ﬁ' E.b.C. Scriven, ed., Academic Press., Nw fork, 1924, P L
s 182.
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In view of the difficulties in hydrolyzing 9 to form 10, several
alternative approaches were tried. One approach was the direct
substitution of the nitro group of 4 with sodium azide in DMSO to give
10. Such a procedure had been reported earlier for a similar
transformation (4); but this approach was unproductive for our system,
even with heating to 70°C. As a second alternative approach to form
10, it was thought that the trifluoroacty! function would be more
desirable than the propionyl function as a protective group for the
secondary amine since the trifluoroacetyl group should be more
amenable to cleavage than the propionyl group. Accordingly, 4 was
reacted with trifluoroacetic anhydride to give the trifluoroacety]l
derivative of 7. A similar trifluoroacetate analog of 8 was prepared
by catalytic hydrogenation. Conversion to the azide, and treatment of
the trifiuoroacetate analog of 9 with mild aqueous ammonia was
expected to remove the protecting group and give the desired 10.
However. this trifluoroacetate approach was not characterized fully
because a more simple procedure was devised to go from 4 to 10 without
the need to protect the secondary amine.

Compound 4 was catalytically reduced with hydrogen over palladium
at greater than 80% yield to produce 14 (Figure 3). Earlier it was
thought that diazotization of 14 would lead to diazotization of the
primary aromatic amine and simultaneous nitrosation of the secondary
amine. However, conditions were established to convert 14 to 10
without affecting the secondary amine by carrying out the
diazotization and reaction with sodium azide over a very short time.
Thus., 10 was obtained as a pure, colarless, irysta11ine material that
showed the azide absorption band at 2118 cm™* by IR and had the
capected molecular ion peak at 321 mass units by mass spectrommetry.
The proton NMR data also were compatible with the assigned structure
for 10,

Theve was a curious reversal of mobilities {(mentioned earlier) of
oand 9 oan TLC. With a <ilica gel plate and chloroform containing 6%
sethanoloan the mobile phace, the Ky values were .62 and 0.38 for 10

v cid G0 reepectively. Thise i the reverse of what would be expocted,
;“: e e the velative polarities of the two corpannde . The reversa)
o
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j in Re could be explained if 10 formed an internal hydrogen bond
e between the secondary amine and the azide (shown below in Figure 4);
b whereas such a possibility is not present in 9.
': The apparent internal hydrogen bond formation in Figure 4

. suggests that fentanyl type compounds may be able to assume a folded

conformation in which the ends of the molecule are brought into close
- proximity. This agrees with the idea presented elsewhere (2) that
- fentanyl compounds assume a morphine-like conformation in order to
exert their morphinomimetic activity.

» With the successful preparation of 10, it was then necessary to
- synthesize the non-radiolabeled N-succinimidyl propionate, 12, and to
S, develop the reaction conditions for coupling 12 and 10 to give the non-
radiolabeled analog, 9, of the desired radiolabeled product, 1.
Compound 12 was prepared from N-succinimide and propionic acid, under
the catalytic influence of dicyclohexylcarbodiimide. The
recrystallized, pure material (m.p. 33-349C) had the required IR and
NMR characteristics. Several test experiments were performed to
establish the conditions for the maximum conversion of 10 to 9. The
use of compounds 11 and 12 is described in the Titerature for the
acylation of proteins in aqueous solution; but no information is
available as to acylation conditions with this reagent in organic
solvents. Toluene was used as the solvent since the radiolabeled
material, 11, is available commercially only in toluene. The
quantitative conversion {(monitored by TLC) of 10 to 9 could be

achieved with an equimolar solution of 10 and 12 in toluene with the
mixture maintained at 90°C for 3 hr. The reaction went poorly at room
temperature, possibly because of the internal hydrogen bonding (see
Figure 4). The azide group was surprisingly stable during the 3 hr
reaction at 90°C, as determined by IR measurements of the reactants

and products and a control experiment with 10 maintained at 90°C for 3
hr.
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The final reaction of 10 with 11 to form the radiolabeled
product, 1, was carried out in sealed glass tubes at 90°C for 3 hr.
Two runs were made, each with 5 mCi (in 5 ml) of 11 at 107 Ci/mmol
specific activity., The total quantities used for the reactions were
10 mCi (0.094 imoles; MW 171) of 11 and 0.097 :moles of 10. At 100,
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~ wield, there would be formed 2.094 - wolec or 5.4 g of [ (MW 377) a¢
;:~ anoassumed specific activity of 107 Oy
o
1fi' Afteor the react 0 o [0 and 11, the wolut o fram the Lwo runs,
v & were combined and layered onto preparative silica gol plates.  The
‘ plates were developed with methylene chloride containing 5¢ methanol.
N After development and radinchromatogram scanning. the silica gel bands
‘3: containing the product were scrapped off and pooled. Some of the
g labelled material could be extracted frem the <ilica with methylene
o chloride containing 5% methanol: however, tha ivolation of the
e radiolabelled material from the silica gel proved to be difficult.
] Fven after repeated extraction and centrifugation to remove the silica
e gel, complete isolation of radicactive materi = from the silica gel
e was not possible. The isolated labelled prouuct amounted to a tota!
L of 1.365 mCi. Assuming a specific activity of 107 mCi/. mol. this
:': amounted to 4.81 ug (13.6% yield) or 1. The first several extractions
’ contained 0.975 mCi (3.44 1g) of 1 and was the matorial forwarded to
N the CRDEC.
> .-
o The Tow level of recovery of 1 might have been due 1) to
f} tranoosterification of the silica gel surface by 1| during development
- of the chromatogram or 2} ‘o the poor ability of the oxtraction
pro~edure to dislodge 1 from the silica gel. Even after repeated
. cxtraction, the residual silica gel contained appreciable radiocactive
X material. Discussion with Amersham personne! !ed to the conclusion
o that preparative HPLC would be a more desirabi- method for such
323 purification.
oy Test runs showed that 10 and 9 could be separated by HPLC using a
- C-18 column with 50% aqueous acetonitrile as the mobile phase.
oy Therefore, it was planned to use HPLC for thke final purification of 1
f} in the future. However, the project was terminated at this point

hocause the funds were all expended.

The following materials were forwarded to the U.S. Army Chemical
bocoarch, Developnent and Engineering Center during the course of this
lavk C2:
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4. SPECTROSCOPIC CHARACTERIZATION OF STRUCTURES OF INTERMEDIATES
.1 NMR SPECIRA

The NMR spectra of wevoral anterrediates weres ohtaimed an ordin

Coocurniece the structaral assigneent o Several o of theoe comrpo nd, had
Pecsyeported carier o the Titeratare (1,200 However, no NMR
e trd were e s e b theae e terences
P NMR spectram ot D T4 natvepheny Y et T4 poer i done

Diteres TV opresent . carple foatures whoot dee amendable 0 10 b orden
oty The gromatic ortno protons appeared gt ®.2¢, “howing the
oitect gt the nitro function.  The remaining two aromatic protons
woreare dogt Podas The hengzylie protons appeared as a vharp singlet
at 30940 Dot Yhe wymmetrrcal nature of the piperidone ring, the
cosondgnces of the piperitdene ring protons are sampiafied.  The
croctony dppeare e g doublet gt - 3078 with large coupling ¢nnstants

Ceennal ocoupling) s each further wplit anto a traplet due to coupling
*ooadlacent methylene protons. Similarvly, the protons appedred as
fedplotys of doghicty gt 2. 40,

The spectrun ot campound 3 (Figure o) further attests to ity

tructure.  The ortho arcratic protons fwith recpoect to nitro
Fanctions) oappearsd at .20 (M) ant the remaining 2 daromat i
rratons on o the aromdatye rang contasnieg the nmatro fanction are seen at
.45 The antrofuction of the gnyvivne fpection b, whown by the

ippearance of ortno proton gt nond {2HG L meta protan, gt 7.18

(JH) . and the para proton at boTh e chemacal shaifte are

coansistant with the valueo cgloagbated oo arting te Shooliry o
vt yvelatyonshaips The bens i pavgton dyrered as oa sharp
ralet gt 73085 Biweeyer . thoo cotvcn ot of the g hine function

to the pipertdine ring make o the v v e ity gl o gt hence the

R "‘»‘y‘\d‘[’u‘\ ring ;“y‘l*,'u(l‘. [‘vo-J.Ar" 4 T N :u‘;L}H‘i H']d?l”ﬂﬁhi[\.

Compaunt & Thepre T ot 0t oreat e gme features for

earomatye et Wt 0ot i al 18 and anotheyr 2
Yoo gl gt TAD bt g gt v ot aning the naitro
Socotaions Thee anabinse rang pre st o e nrtha protans at o 6.62 (2H).
oty oprotans at 719 428) . and the para ;roton at - 6.70.  The
Censylic proton dppearied gt 2 9% and the gt retnylene,

et b to e prerada e v ra e e g gt R

The propronylated dervvat v compound 7 fhaqure B) presents
tlar featiure o, compeund 4 with the atation ot 4 propronyl group.
"reoprapaonyl oretn Lyl preanted 40 g teac ot gt .02 (%) and the
R R PN LA TR SR 165 [ h)

Thar vado by of the matea fanetaon 2o 0T corannl 8o
et e et (e Gy 0 T e gt e b g
Pt d s by e the tyap et and gt B te rapany |

L S SRR LAY I o2 (3 e L I
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ortho and meta aromatic proton signals.  The preence of the triplet
and guartet at - 1.02 and - 1.55 v+ andic b of the propionyl
function s»till remaining intact docing th e to b the aramat i
<mire anto the azide function,

Compound 10 (Figure 11) presents symilar features to compound 9.
The aromatic signais are quite comparable. However, the absence of
tamiliar triplet and quartet signals for the propinnyl group is
indicative of its removal. These signale reppear (Yigure 12) when ]0
15 converted into 9 by treatrment with 1. ire-bontarly. the non-
radiolabeled form of 11 (iv.e. 12) made during tnis study had the
rollowing signals (Fiqure 13): = 1.74 (3H, triplet), © 2.66 (4H,
quartet)  and © 2.88 (4H) in agreement with the structure of compound
12.

Complete assignment of the chemical shifts for the piperidine
ring protons would be possible only by selective deuteration
~xperiments and by temperature dependent spectral measurements. These
special experiments were not done because the need did not appear to
justify the effort and expense.

4.2 FTIR Spectra and Ultra Violet Spectra Characterization of the
Intermediates

The infrared spectra were taken as KBr pellets on a Digilab FTS
15780 FTIR Spectrometer. The spectral frequencies provide convenient
vidence to document the changes in the functional groups brought out
by the synthetic transformations. Ffor instance, the presence as well
as the removal of the propionyl functicnality crucial to the synthetic
scheme can be followed by the ?ppearance and absence of the tertiary
amide function around 1650 cm” Similarly the success of the
reduction of the aromatic nitro function to vield (nwpounds 8 and 14
can be followed by the dwsdppearanco of Th? ty \1<a aromatic nitro
iroup absorptions around 1530 and 1350 cm and by the appearance of
vrimary amino N-H stretching frequencies in the yvegion 3500-3300 cm’
The azide functionality in the intermediate G and {0 is charactoyizod
by the appedarance of a characteristic trong band around 2100 ¢m’
te relevant infrared frequencies tor tho arfividiog]l intermediates are
Loven an the cxperimental sectaion,

Ty grterecting te o cote that oy the ca bt caty] derivative

O +

anct B, Uhe terUiar, aeids aboorptaon ds bttt to 1690 emt o from
the normal value of 1n50 ¢m 0 This ¢learly b the infiuence of
trasrine on the annde carbonyl aborptyon The Tene pair of electrons
otbe pityeqgqin aton are drawn toward the b containing the
toarane gtors o The contyabait yon of the voney o of the gmide 15
I FEE S A T L AR AU (S STRUNN 5 SOV EL YURPINS IESRT YR AN S SO UL AN SRR TR R SR S
Proc et ity e b e N il an
el Aty e ot hedt o e e it I S Letra ly oo ]
folanw the cnange o g b e Gt arematae g by
Integmedy gt comt oy g ' 't vt ¢ ! ' RN V\:]‘,
Cow ate o taen ban oo She o T Syl
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into an amino group shifts the prominent -- * absorption to 234 nm.
Similarly the azide intermediate 9 still has absorption at 232 nm.
This shows that the electronic demands of the Ny as well as that of
the primary amino function are similar in this series of compounds.
Compound 7 shows a peculiar behavior. The ~- - * and n- - * absorption,
are combineua into a single band at 272 nm. One explanation is that
the propionyl group caused conformational changes that brought the two
aromatic rings closer together, thus producing the spectral shift..
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i;f;; 5. EXPERIMENTAL DETAILS

DA 5.1 (4-Nitrophenyl)acety! chloride
' 4-Nitrophenyl acetic acid (54 g, 0.3 moles) was dissol.ed in 500
i ml of dry benzene and treated with 49 g (0.4 moles) of thionyl

e chloride. The solution was refluxed for 1 hour with exclusion of

:{j{ moisture. The benzene solvent was removed in a rotary evaporator.
N Excess nnreacted thionyl chloride was removed by azeotropic

:Cf( distillation with dry benzene. The dry residue was crystallized from
v benzene/cyclohexane to give 28.1 g of the acid chloride. m.p. 45-469C.
g

.;{ 5.2 1-[(4-Nitrophenyl)acetyl]-4-piperidone

A (4-Nitrophenyl)acetyl chloride (2.5 g, 12.5 mmoles) was
v introduced into a mixture of methylene chloride (30 mL) and a solution
‘( . of sodium bicarbonate (3.2 g) in water (30 mL). The reaction mixture
'¢Q: was kept stirring at room temperature; and powdered 4-piperidone

o j monohydrate hydrochloride (1.92 g, 12.5 mmoles) was added. After 1
NN hour, the methylene chloride layer was separated. The aquecous phase
I was extracted with 2 x 20 mL methylene chloride. The combined

"'.“‘ methylene chloride layers were washed with 2 N HC1 (10 ml), dried. and
b~ evaporated to furnish crude product. Purification was achieved by

e column chromatography to yield pure crystalline material 2.32 g (7}%)
T m.p. 103-104°%. IR (KBr): 1627 (tertiary amide), 1560 and 1350 cm”

oo (NO, group). NMR: = 3.78 (txd, 4H), 2.46 (txd, 4H): 3.94 (s. 2H).
e 7.40 (m, 2H), 8.22 (m, 2H).
(“f 5.3 1-[(4-Nitrophenyl)acetyl]-4-(phenylaniline)-piperidine, 3

Crude 1-[(4-nitrophenyl)acetyl]-4-piperidone prepared from 25 ¢
of p-nitrophenyl acetyl chloride and 19.2 g of 4-piperidone hydrate
- hydrochloride {(each 124 mmoles) was dissolved in 450 ml of dry
e toluene. Aniline (11.1 mL, 122 mmoles) and p-toluene sulfonic acid
(50 mg) was added and the mixture was heated under reflux under N

,}:} atmosphere for 5 1/2 hours, with a Dean-Stark water separator. Tge
P toluene solution was decanted from some tarry material and evaporated
N to dryness in a rotary evaporator. The crude material was dissolved
e in 200 mL of methanol and cooled in ice. Sodium borohydride (7.07 q.
° 186 mmoles) was added in portions: and the mixture stirred for 1 hour,.
Yo 200 mL of water was added; and the organic product was extracted with
. 4 x 100 mL methylene chloride. After drying, filtering. and

$\$: evaporation, 36.1 g of crude product was obtained. Recrystallization
::? from ether/methanol at -70° was quite unsatisfactory. The material
2a was layered on silica gel and sequentially eluted with 200 ml portions
‘ ) of petroleun ether, petroleum ether/ethyl acetate (9:1). and petroleur
b other/ethyl acetate (4:3). The last two fractions vielded pure
- proeduct . which was recrystallized from ethyl acetate.  veliow

'jn crystale. 9.2 g (267): m.p. 160 1617, IR (KEr): 3350 (%), 1530 (f
oS amade) 1519 and 1345 (NO5) e oNMR: - 385 (benzyio s o0 2H) .
DAY 6.62 (m, 2H), 6.75 (m, 1Hj. 7.46 (m, 2H) and 8.20 (m. 2H). The

.'. piperidine ving pratons appeared as complex <ianals of 1,337,
ke
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ot 41 {2 (3 Nitrophen,lleth, P13 e e R

I
\:: Aoselution ot 3 0800 o 2n e T Co : A o .
L war Rept o abairring under nortrogon oaloe o e : T R 1
! M diborane in tetrahydrofuran was slowly adiedo and the olatten we
l:‘ heated under reflux with stivring for 2 bours.  After caoling

s methanol (20 mb) was slowly added: and the vea tion risture was vy
v stirring for 172 hour. The solvent was vemoved o 5 ne e e
o treated with water (80 wl) and Z N B! 193 -1 e b

v neated undey voflux tor [ ohel o T e s o o

J alkaline with 2 N NHaDHT and tho cvgen ol 0 L o e e
e methylene chloride. The methiyliene « r10v1‘> Payer was wWathed witn
":i brine, dried. and evaporated to give crude product.  Tnis was puriti. o
~ by chromatography over silica gel: elution was with wethylene chlor
o containing 3% methanol. 6.5 g of yellow crystallin.e material was

- obtained which was recrystallized from ethyl acetate '« yclohosane to
{ give 4.52 g of pure pro?ua (54%). m.p. 90 927 IR (KBrj: 34056 (N,
i~ 1508 and 1339 (NOs) ¢m™ ', note absence of t-amide \drtun,l. MR
[ 2.68 (m. 2H). 2.98 {(m, 2H), 6.62 (m, 2H). 6.70 (m. 1H). 7.18 (m. 2H).
- 7.40 (m, 2H), 8.18 (m, 2H).

" 5.5 N-[1-[2-(4-Nitrophenyllethyl]-4 piperidinyl]-H-pheny!

L propanamide, 7

. Compound 4 (4.0 g, 12.3 mmoles) was taken in 30 ml drey tolu

- Propionic anhydride (3.2 g. 24.6 mmoles) was added, and the solution
= was heated under reflux undor nitrogen atrmosphere for 3 hours.

gt Agueous ammonia solution (2 ml, 30%) was addesd and the veact ion

- “xture stirred for 10 minutes.  Saturated <odiur Licarbonate solution
o (100 mL) was added: and the agueous organic matter wae oxtracted with
irﬁ‘ 4 x 50 mL methylene chloride. Usual work up gave crude material (5.2
b -
¥

/o1 ow (v{stals (4.1 g. 87°). IR (KEr): 1550 (1 amide). 1516 and 1347
(O5) emTtUNMRD L1002 (f. 3H). 1,95 (g, 2H). 5.95 (m. 2H). 7.08 o,
2T 7.23 (m. 2H). 7.45 (m. 34)
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4y, which was recrystallized from ethyl acetate ‘peatroieum ether., Palo
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- Son N-TT [2 (4-Aminopheny ! hethy DD 4 piperidtiny 1] N pleny Y propanan e 2
ﬂf:' Cormpound 7 (3.80 . 9.%5 =umales) wan dioooivesd i 180 ob aboolot.
b athannl . Pd an rarbon (5% 300 mad oy geddodd s bR

° Pootrongengteddoat 45 pey over Bodenen Ty e b gt o [ b

B dlution was faltered throuah Coliate ant vyapnrated ardor g0 an i 4

B rr~dﬂ material was recrys ta}lw’o} frw' othyl aectatootbowane s 8

-;: g nf white crystalline product (917) mop. 157 PH27 e ot T

g '“Vv) 3880 and 3360 (p.oar. WHo o DAdT o Dt e e T
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solution of sodwum azide (0.66 g,
fonsiderable frothing and gas evolution was noticed, and a white
procipitate appeared,
chloride:
cyaporated with g stream of nitrogen.
recrystallized from ethylacetate ethanol .

10 mooles) in water (3 ml).

The organic matter was extracted with =othel o
the methylene chloride was washed with water, dricd. and

The crude materval (1,97 ) wa
Colorlea, Y]atvi (1.30 q.
obhtaine o IR (KBr): 2110 (Ny st), 1640 om (U amnge) . Nt

AN oy

POOT Ot 3HY L 198 (gL 2H). .96 (WL 2H) . 7,08 («f. M) 722 k.
Sy T4 (L 3ty MS: 377 (M)
5.2 Atteented Depropionylbation of Lompound 9

several reaction conditions were tried in order to remove the
propionyl fanction of 9. The desired hydrolysis could not be effecteod
by hasic conditions or by acidic conditions at ambient temperaturces.
When 2 N HCT was used at 1007 for 1 hour. the major product isolated
B, opreparative TLC appeared to be an internal nitrene insertion
product.  This product was different from compound & and had the

followirg spectral proper}ios. IR (KBr): 1643 (t-amide), no azide
peak. 3394, 3348 (NH) om NMR: 1.02 (t). 1.94 (q): 6.66 (d). 5.%84

4

(). 7.00 {m), 7.40 {m) 1in addition to piperidinyl ring protons. This
material, although quite interesting, was not pursued fur-her as it
d1d not mest the objective of this investigation.

5.9 1 [2 (4 -Azidophenyl)ethyl]-4-(phenylamino) piperidine, 10
Compound 4 was catalytically hydrogenated in ethanol in the
presence of Pd on carbon (5%) at 45 psi to yield 14 in 94% yield. A
solution of 14 (300 mg, 1.0 mmoles) in 2 mL 2 N HC1 was cooled in an
1ce batn and treated with a solution of 69 mg (1.0 mmoles) in 1 mL
cold water quickly with stirring. After 5 min, 20 mg of urea in 0.5
mL water was added followed by a solution of sodium azide (110 mg,
1.69 mmoles) in | ml water. The solution was made basic and extracted
with methylene chloride. The organic layer was washed with water,
dried and evaporated by a stream of nitrogen. 210 mg of colorless
product (65%) was obtained. The product appeared homogenous by TIC.
[t could be recrystallized from ethyl aretato/eihano1 to furnish
colorless plates, dec 1529 IR (KBr): 2118 <m ' (Ny st). HMR: In
athition to piperidine ring protons and methylenes, the aromatic ring
arotons appeared at 6.92, 7.18, 7.36. MS: 221 (M)

510 N Stccinimidy! Propionate, 12

Thi mea was prepared following « published proce i e (5)
NoHeroe v (h.4 g. 55 mmalen), propinnic a4 mt, BA
meales) and  cye chexylcarbodiimide (5.8 g, 55 mrales) wa o weopd

taurrrny wit 200 0 dvy ethyl acetate for 18 hadrs a4t amhient
teeveratare, oo precipitated dicyclohoexyl wrea wa verave Dby
Silrration: “the filtrate was evaporated to e T v gy
arlwan twice rystallized from ethyl acetate and oo Coloe,
colid 9025 g0 35 ) TR KBy} 17R 0 1792, 1920 o0 b I P25
D 2052 (gL 2HTL 2081 (s, 4l

£ VoSO Tangs MM Navar, and Db Kt ber T

Prodi pharrmar . 200277 2840 1383
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oD Proproeny Tatoan or 10

forpound 10 (G0 mg) w b e S S
Sakeoan 5ol dyy toluere annoe WU e e
Toreveale d (pr3~?wnm (A5 SN oo ‘. ey Gl e vepledr gl
from N hvdroxysuccinimide by prepavat ive THE G b Tarotor

o

contamning 0% methanol. RO WR and Myova o e s ape e nt wath
tredesired propionylation.

N T T (TS R SO K A E IS N N
Trrropanan e
Paowve w1 dots of 11 in % o0 toluene or 02 ol et
s vty (0.093  moles total) was taken an two ok gldans tubee,
crpound 10 (31 g total, 0.097  moles) was divided equally between

TN

e tubes . The reaction mixture was concentrated o 1 oml by pansang
e nitregen gas. The tube, were sealed and kept o at 907 for 3 ha e,
Wil vocassional shaking . The tubes were operead and the material o
cach tabe was layvered on two 5 x 20 «m prepavdtive salica gel plates
Strery radiochromatogram scanning, the band. contairing the radionact o
~aterval, appearing at the reguired Ry value., wers pooled and
cxtracted with methylene chloride LonIaininq 3. riethannt,
Porsaderable difficulty was experienced in completoly extracting tho
rarhintabelled material.  Centrifugation was eeplocd to settle the
ilica gel particles in methylene chlorvide after o h extraction.  Tho
pooed rothylene chloride exdtractsd fractions 2ot o total of 1030
700 eente o this anount

[Sal

o Asauming a ospecific activity of 10
oo (136 vield).
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